Iraqi Freedom (OIF) have resulted in a growing number of seriously injured soldiers who are evacuated to the United States for comprehensive medical care. Trauma-related pain is an almost universal problem among these war-injured soldiers, and several military and Department of Veterans Affairs initiatives have been implemented to enhance pain care across the continuum of medical services. This article describes several innovative approaches for improving the pain care provided to OEF and OIF military personnel during acute stabilization, transport, medical-surgical treatment, and rehabilitation and presents summary data characterizing the soldiers, pain management services provided, and associated outcomes. We also identify some of the pain assessment, classification, and treatment challenges emerging from work with this population and provide recommendations for future research and practice priorities.
INTRODUCTION
Operation Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF) commenced in October 2001 and May 2003, respectively, as part of the global war on terror. To date, more than 1 million military personnel have been deployed to Afghanistan or Iraq. Approximately 21,000 of those deployed have been wounded in combat, and about 46 percent of these casualties have been medically evacuated (http://www.icasualties.org). Blast-related injuries predominate; wounds from improvised explosive devices (IEDs), land mines, shrapnel, and other blast phenomena account for 65 percent of combat injuries [1] . Approximately 60 percent of these injured soldiers have symptoms of traumatic brain injury (TBI) (http:// www.dvbic.org/). Nevertheless, despite the number of casualties and the wound severity, the U.S. military medical system has been remarkably successful in the management of combat trauma during these conflicts, as evidenced by the >90 percent survival rate following injury [2] . This success has been attributed to multiple factors, including improved body armor [3] [4] , surgical care deployed far forward on the battlefield [5] , and rapid evacuation to major hospitals via military aircraft equipped with sophisticated medical equipment [6] . The advantages of these innovations for survival following combat trauma are clear, but this success has created other unforeseen medical challenges. One of the most significant has been the management of pain immediately following combat trauma, during subsequent acute medical treatment, and throughout initial rehabilitation efforts.
In this article, we introduce the subject of traumarelated pain and describe several innovative approaches for improving the pain care provided to OEF and OIF military personnel during acute stabilization, transport, medical-surgical treatment, and rehabilitation. Next, we identify some of the pain assessment, classification, and treatment challenges emerging from work with this population and, where possible, provide associated clinical practice suggestions. Finally, we close with a discussion of related research priorities. Throughout, we should note that empirical data in this area, while provocative, are limited. Therefore, the conclusions and implications we provide should be viewed as tentative and subject to modification as additional data become available.
PAIN AND TRAUMA
Because trauma patients are often seriously injured and have multiple body regions involved, they commonly experience significant levels of pain [7] [8] . Since the initial care of the trauma patient involves stabilization of cardiovascular and respiratory status, employment of life-saving procedures (e.g., chest tube, endotracheal intubation), and assessment of multiple and severe injuries, pain may not be appropriately assessed and thus not adequately treated [9] . Compounding the problem of pain treatment in the trauma setting are provider concerns that opioids may lead to hypotension, respiratory depression, clouding of mental status, and obfuscation of changes in clinical status [7] .
When adequate pain control is not achieved, individuals suffer unnecessarily, adding to concerns about their ability to recover and function normally after the trauma. Unfortunately, most trauma-care algorithms, even at major trauma centers, do not include a systematic approach to pain assessment. Furthermore, empirical studies of pain assessment in trauma patients are virtually nonexistent. This lack is unfortunate given that pain may be constantly present for trauma patients from the time of the initial injury through the acute treatment phase and may continue into rehabilitation and the return to the community [10] .
Edwards has categorized the continuum of trauma care into three phases: (1) emergency, (2) acute or healing, and (3) rehabilitation [10] . The emergency phase begins at the time of injury and ends after resuscitation and emergency stabilization are complete. This phase is frequently accompanied by intense pain from the initial traumatic insult and nociceptive input from damaged tissue. The acute or healing phase starts after emergency stabilization and ends when all surgical treatment of injuries is complete. The rehabilitation phase follows and continues until function is restored. In this article, we use a modified version of Edwards' tripartite categorization of trauma care to organize our discussion of pain among soldiers with OEF and OIF combat casualties. Our adaptation emphasizes the importance of psychosocial factors, particularly during the rehabilitation phase of treatment.
EMERGENCY PHASE: PAIN CARE FOLLOWING COMBAT TRAUMA AND DURING TRANSPORT
The severity of injuries suffered by OEF and OIF soldiers is unprecedented. The blasts caused by suicide bombers and IEDs in particular often result in multiple visible (tissue wounds) and hidden (hearing loss, confusion) injuries [11] . Table 1 presents summary surgical data from the U.S. Army Regional Anesthesia and Pain Management Initiative Combat Casualty Database, which was developed as part of a process-improvement program at the Walter Reed Army Medical Center (WRAMC) in Washington, DC, one of the nation's primary military treatment facilities (MTFs). These data pertain to 1,565 field and follow-up surgeries performed on 287 severely injured OEF and OIF soldiers who were medically evacuated to WRAMC. As illustrated in the table, orthopedic and soft tissue injuries predominated, which reflects the high frequency of blast injuries. The number of surgeries conducted (an average of almost 5.5 surgeries per person) highlights the multiplicity and severity of the combat wounds. Not included are additional surgeries performed at later stages of recovery or during rehabilitation. Nor are hidden physical or emotional injuries, which often become evident during the rehabilitation stage, reflected in these data. Nonetheless, these data unequivocally demonstrate the need for effective paincontrol strategies following initial combat trauma.
Unfortunately, efforts to provide adequate pain control following significant combat injuries are complicated by the vast and complex military medical treatment and evacuation chain. Following severe injuries, soldiers will receive immediate field hospital care so the extent of their injuries can be assessed and the emergency care needed to stabilize their condition can be provided. Subsequently, they are evacuated to MTFs in the United States. During the evacuation, they rapidly travel thousands of miles, come in contact with scores of healthcare providers from different military services, and pass through multiple hospital systems. While this swift initial treatment and evacuation strategy contributes significantly to improved trauma survival rates, it poses multiple challenges for the effective control of trauma-related pain. In prior conflicts, wounded soldiers spent many days to weeks recovering from wounds in field hospitals before they were considered sufficiently stable for transport to major hospitals outside of the operational theater. Morphine was an effective pain-control tool in this environment because patients remained confined to a field hospital where their pain could be managed with scheduled doses of morphine and the adverse effects (respiratory depression, nausea, vomiting, etc.) could be closely monitored [12] . In the present conflicts, evacuation of the wounded has been greatly accelerated with wounded soldiers arriving in a major military hospital (i.e., Landstuhl Regional Medical Center, Germany) in some cases <24 hours postinjury. Seriously wounded soldiers who likely would not have survived in previous wars are now routinely saved because of rapid air evacuation to the United States via critical-care Aeromedical Transport Teams [6] . In this environment, the goal of field medicine is stabilization of the patient for rapid transport to the next level of care and traditional intravenous morphine pain protocols have limited usefulness. Evacuation flights are often crowded with patients, light conditions are low, vibration and noise are high, monitoring resources are constrained, and healthcare personnel are limited. The need for new pain management technologies and strategies that could effectively treat pain without increasing the burden on healthcare workers was recognized early in the OEF and OIF conflicts. Fortuitously, military anesthesiologists began working on initiatives to improve battlefield perioperative care well before the onset of hostilities in OEF and OIF. One successful initiative focused on improving regional anesthesia (RA) training in the military and further developing RA for the battlefield. RA techniques employ peripheral nerve stimulation and/or ultrasound to accurately place needles in the proximity of target nerves or a nerve plexus. Local anesthetic is then injected to block the conduction of these nerves, which results in loss of motor, sensory, and autonomic function distal to the block. The surgical block will last for many hours and protect the patient from pain and the surgical stress response since afferent input from the blocked region is attenuated. With slightly larger needles, continuous peripheral nerve block (CPNB) can be established by placing a perineural catheter next to the blocked nerves. Continuous infusions of more dilute local anesthetic then can be infused to maintain analgesia (with return of motor function) to the blocked area for days to weeks.
Early efforts of the Army Regional Anesthesia and Pain Management Initiative focused on the role of RA and CPNB in the anesthetic and analgesic management of patients in austere environments [13] . This experience, as well as the work of early military anesthesiologists who demonstrated the positive aspects of RA in previous conflicts [14] , led to the placement of the first CPNB catheter in an American soldier on October 7, 2003 , in Balad, Iraq [15] . Many patients' pain has been managed with CPNB following this initial success and, with assistance from the Military Advanced Regional Anesthesia and Analgesia (MARAA) committee established in 2005, the CPNB infusion pump was subsequently approved for in-flight use. Today, CPNB is a viable alternative for the anesthetic and analgesic management of soldiers wounded in combat.
Another pain-management challenge was the lack of patient-controlled analgesia (PCA) pumps for use in combat support hospitals or military evacuation flights. This limitation was particularly disturbing since the advantages of PCA technology are well validated; it has been used safely for decades in the civilian population [16] . With PCA, a small microprocessor-driven pump delivers on-demand doses of opioids to a patient based on limits programmed by a physician. This technology frees the nurse from manual administration of opioids, while empowering the patients with control over their own pain medication delivery. The MARAA committee considered PCA technology particularly promising for morphine delivery during air transport. After a review of available infusion pump technology, the MARAA committee recommended a modified commercial infusion pump as a temporary triservice solution for PCA pending a final pump selection. Today, these devices are being used by wounded soldiers throughout their evacuation. The recent addition of PCA technology to medical evacuation offers a multimodal approach to battlefield pain control that meets or exceeds modern civilian standards [17] .
ACUTE PHASE: PAIN MANAGEMENT DURING MILITARY TREATMENT FACILITY CARE
Following transport to the United States, OEF and OIF evacuees are admitted to MTFs across the country. These individuals often have multiple severe battle wounds and disabling pain and are treated with advanced pain-treatment technologies. Table 2 presents some descriptive information extracted from the combat casualty database on 287 medical evacuees treated with RA at WRAMC. As indicated in the table, multiple-limb orthopedic injuries predominated in these wounded soldiers, which correlates with other authors' findings [4, 18] . The high incidence of polytrauma with multiple orthopedic injuries is also notable. The 287 soldiers with combat casualties underwent 634 operations with advanced RA for anesthesia and perioperative analgesia during their hospitalization at WRAMC. Primary indications for RA were surgery (n = 580), pain control (n = 40), and surgery combined with pain control (n = 14). Individuals with combat casualties required multiple operations (mean ± standard deviation [SD] = 2 ± 1 surgeries/patient [range 1-9]) during prolonged hospital stays at WRAMC (mean ± SD = 25 ± 15 days [range 2-148]) [19] . The capability of CPNB to provide long-term analgesia and surgical anesthesia during frequent trips to the operating room is a significant benefit of this particular pain-management technique. In this patient cohort, 361 CPNB catheters were placed and used for a mean ± SD of 9 ± 5 days (range 1-34), which represents more than 1,718 patient-catheter days [19] . Pain visual-analog-scale scores, which were available for a subset of 126 individuals, declined significantly from a pre-CPNB mean of 3.7 to a post-CPNB mean of 2.2 [19] . The average length of time CPNB was used to manage pain in these polytrauma patients, compared with the 1-3 days typical of other medical-surgical cohorts [20] [21] , attests to its efficacy.
This technique also provides effective anesthesia for multiple dressing changes and surgical debridements, along with days to weeks of analgesia. Overall, the data indicate that advanced pain-management technologies are viable alternatives or adjuvants to pharmaceutical methods of pain control during medical-surgical care for OEF and OIEF combat wounded. Table 2 . Characteristics of patients' combat injuries that were treated with regional anesthetic blocks (n = 287). Data presented as frequency, n (%), unless otherwise noted. 
REHABILITATION PHASE: PAIN AND POLYTRAUMA CARE
Given the severity and complexity of OEF and OIF combat wounds, the Secretary of the Department of Veterans Affairs (VA) designated four Polytrauma Rehabilitation Centers (PRCs) to serve as the primary VA receiving facilities for veterans and active duty military with polytrauma. Polytrauma was defined as ". . . two or more injuries to physical regions or organ systems, one of which may be life threatening, resulting in physical, cognitive, psychological, or psychosocial impairments and functional disability" [22] . Because the majority of those with polytrauma also exhibit symptoms of TBI, PRCs were located at facilities with established TBI lead centers. The mission of the PRCs is to provide inpatient rehabilitation treatment, ongoing medical-surgical care, and family support to soldiers with polytrauma.
The James A. Haley Veterans' Hospital PRC, Tampa, Florida (Tampa PRC), has been actively treating OIF and OEF combat-related polytraumatic injuries since 2003. The Tampa PRC has an interdisciplinary approach for the comprehensive assessment and delivery of care that targets the entire range of impairments and needs of the combat wounded and their families. The Tampa PRC aims to restore the person to his or her maximal physical, functional, psychological, and vocational status and to facilitate his or her entry into the appropriate social, familial, or treatment setting following rehabilitation. Pain management is recognized as an important component of rehabilitative care, particularly among those with traumatic injuries. Consistent with this perspective, a pain psychologist attends polytrauma multidisciplinary rounds, serves as a full member of the clinical care and administrative teams, provides a full range of treatment services to polytrauma patients, and offers consultative and educational services to staff.
To date, the Tampa PRC has participated in the rehabilitation of 50 OEF or OIF soldiers with polytraumatic combat-related injuries. We reviewed the medical records of these wounded soldiers to obtain information regarding their presenting problems and treatment during their initial inpatient rehabilitation stay at the Tampa PRC. All procedures were approved by the University of South Florida Institutional Review Board and the Tampa VA Research and Development committee. Demographic, medical, pain, and treatment data for these individuals with combat casualties who were experiencing pain were extracted from the record and are presented here.
Demographic information for this group of warinjured is summarized in Table 3 . As illustrated in the table, all but one of the persons treated was male. The mean ± SD age of these soldiers was 28.9 ± 8.7 years and the mean ± SD number of years of education was 12.6 ± 1.1. Most of the soldiers in this sample were deployed to Iraq (98%) on active duty status, and their mean ± SD length of deployment was 5.3 ± 3.2 months. At the time of discharge from the Tampa PRC, most soldiers returned home but remained on active duty status (85%) with 30 or more days of convalescence leave. The vast majority of these soldiers will be returning to the Tampa PRC, other VA PRCs, or to other MTFs for further surgeries, interventions, and rehabilitation necessitated by their injuries. Approximately 80 percent of these wounded service members incurred some type of combat-related TBI (penetrating = 58%, closed = 22%). All sustained multiple traumas among which orthopedic injuries (50%) were the most common, followed by soft-tissue damage (48%), hearing problems (48%), and eye injuries (44%). Orthopedic injuries treated at the Tampa PRC often involved fractures or crush injuries, while the most common soft-tissue damage was from multiple location shrapnel wounds. Other, less common, traumatic injuries in this sample included burns (12%), compartment syndromes resulting in fasciotomies (12%), limb amputations (12%), and spinal cord injuries (10%). Overall, the mean ± SD number of injury categories (including TBIs) per soldier treated at the Tampa PRC was 3.3 ± 1.2 (range 2-6). However, these numbers do not reflect multiple injuries sustained within each injury category (i.e., multiple fractures, numerous soft-tissue injuries, or more than one amputation site). As a result, the actual average number of injuries per soldier was higher. The most common causes of injury in this sample were IEDs (70%), airborne shrapnel (26%), mortar rounds (22%), and gunshot wounds (6%). Of the 50 soldiers admitted to the Tampa PRC, 15 sustained injuries from more than one source. Cognitive limitations were quite common among the soldiers treated. The mean ± SD Rancho Los Amigos Scale score at admission was 5.2 ± 1.9 and the mean ± SD Glasgow Coma Scale score was 9.2 ± 3.9. Approximately 71 percent of this sample had Rancho scores <7 (moderate-to-severe TBI) upon admission and 76 percent had Glasgow scores <13 (moderate-to-severe TBI). The high percentage of patients with scores in the moderateto-severe impairment range suggests that significant cognitive impairment characterized the majority of this sample.
Records revealed that 48 (96%) of these soldiers experienced at least one pain problem during their inpatient rehabilitation stay. Despite the frequency and severity of the described cognitive impairments, reliable and valid pain-intensity ratings were obtained from 34 (68%) of the soldiers upon admission. For this sample, the mean ± SD pain-intensity rating at admission was 5.6 ± 2.2 (range 1-10) and the mean ± SD duration of pain at admission was 83.7 ± 152.7 days (range 24-1,054). Approximately 70 percent of soldiers with pain experienced it in more than one site (mean ± SD = 2.3 ± 1.4). The most common primary and secondary pain site was the head (32% and 22%, respectively). Additional information regarding primary and secondary pain sites is included in Table 4 .
Pain-related problems were common among the wounded, with impairments in physical (42%) and emotional (34%) function most prominent. To best manage these complex pain problems during the rehabilitation process, clinicians employed multiple pain-treatment methods. The most common method was medication management (100%), followed by physical (40%) and occupational (38%) therapies. Table 5 presents detailed information regarding all reported pain-related impairments and documented pain-management interventions used for this sample of polytrauma patients. As noted in the table, a psychologist provided individual cognitivebehavioral therapy for pain management to 13 percent of the total sample of injured soldiers. This relatively low percentage is an artifact of the initial lack of availability of an appropriate provider. Since a pain psychologist has been available, approximately 25 percent of the injured soldiers experiencing pain problems receive individual cognitive-behavioral therapy.
The most frequently prescribed pain medications at admission were opioids (58%), followed by nonsteroidal anti-inflammatory medications (50%), and anticonvulsants (20%). Nonsteroidal and anticonvulsant medication use increased by the time of discharge, while 10 percent of those on opioids at intake no longer required them at discharge. This result is consistent with the efforts of the Tampa PRC medical team to reduce reliance on opioid analgesics during hospitalization due, at least in part, to the sedating effects of these pharmaceuticals. The rationale for this approach is that excessive sedation of rehabilitation participants can result in reduced participation in therapies and further clouding of cognitive functioning in patients with TBI. Despite this decrease in opioid use, the average pain intensity rating at discharge (3.7) was significantly lower than the average admission rating [5.6; F (1,27) = 6.681, p = 0.02].
In addition to the data regarding pain and painrelated problems in these injured soldiers, some information is available regarding the mental health problems of and treatment provided to these patients. In this sample, 78 percent of the injured military personnel experienced mental health problems during their time at the Tampa PRC. The most common mental health problems were posttraumatic stress disorder (PTSD) (44%), adjustment disorders (38%), and depressive disorders (24%). For these mental health problems, the OEF and OIF returnees were provided with multiple mental health treatments, including medication management (64%) and group (59%) and individual (49%) psychotherapy. Table 6 presents more complete data regarding the mental health problems and associated treatments in this sample. This information represents composite data for these military personnel and includes those with multiple psychological diagnoses. Unfortunately, limitations of this data set did not allow us to distinguish between emotional problems that were pain-related and those that were concurrent but not necessarily pain-related.
These data have several implications for PRC pain care. First, pain problems are almost universal among these war-injured patients, which highlights the need for PRCs to consistently assess and treat pain. Second, although pain may resolve for some during their PRC stay, for most it does not, which indicates the need for ongoing treatment across the continuum of rehabilitation care. Third, contrary to expectations, pain-intervention procedures (e.g., epidural steroid injections, PCAs, stimulator implants) are less in demand in the rehabilitation setting than anticipated. In part, this finding may reflect the high proportion of TBI and associated cognitive impairment in this cohort, with associated concerns regarding the potential for negative patient reactions to invasive procedures. Fourth, the frequency of painrelated impairment in social and emotional functioning was surprisingly high given the relatively brief duration of pain that typifies these soldiers, and when combined with the high rates of mental health problems, suggests potential risks for the development of chronic pain syndromes as well as the need for multidisciplinary approaches to treatment that incorporate both medical and behavioral pain specialists.
CHALLENGES TO PAIN CARE
While polytraumatic injuries are not unique to combat casualties, and their successful management has long been a focus of trauma medicine [23] , the rapid influx of severely wounded OEF and OIF theater personnel has heightened our awareness of several challenges to current perspectives in the field of pain management. Traditional pain-assessment practices may be less informative when applied to this population. Additionally, existing conceptualizations of the continuum of pain and its association with tissue damage may not apply fully to the course of healing experienced by the combat wounded and may require modification. Similarly, contemporary pain-care models may not meet the needs of this group of war-injured because of the extent of their physical and, at times, emotional wounds. We will discuss the primary challenges we have observed and, where possible, suggest potential modifications to these views which we believe may lead to improved pain services to the combat wounded.
Pain Assessment
Comprehensive assessment and reassessment of pain is the cornerstone of optimal pain management for all pain conditions. Because of the severe and multiple injuries usually present in the combat-wounded soldier, pain assessment is especially challenging. The battlefield environment is highly stressful, rapidly evolving, and emotionally charged because of the intensity of the conflicts in Iraq and Afghanistan. The frontline assessment of combatwounded soldiers focuses on triage, resuscitation, damage control, and stabilization, with the goal of rapid evacuation to a higher level of care. Often, a detailed pain assessment and pain-care plan are not addressed until the soldier is stabilized and evacuated. However, even following evacuation, the care of traumatic injuries or other serious conditions takes precedence and pain-related issues may be neglected or minimized.
Assessments may be further complicated when patients experience pain in multiple body regions. Edwards proposed a taxonomy to describe three categories of posttraumatic injuries: (1) regionalized (confined to one or a limited number of body regions, such as leg and knee), (2) broadly regionalized (peripheral injuries are bilateral or injuries involve the trunk), and (3) generalized (injuries involving large body regions) [10] . The preponderance of broadly regionalized or generalized injuries sustained by OEF and OIF combat wounded requires more detailed and lengthy site-specific pain assessments. Additional assessment complications arise from the various injury mechanisms involved (i.e., blast, penetrating, blunt, or burn). These insults may activate multiple pain pathways (nociceptive and neuropathic) and result in occult injuries to internal organs (e.g., rupture of a hollow viscous) where pain is poorly localized. Furthermore, those with combat casualties may be reticent to report pain because they view pain as a weakness or fear they might be perceived as weak by their fellow soldiers if they complain [24] . Finally, soldiers with TBI, especially those with cognitive impairment, pose additional difficulties for pain assessment. These soldiers may be unable to effectively and reliably communicate their pain because of confusion, limited consciousness, or injury-related deficits in sensory and motor functions. In the individual with decreased consciousness, changes in blood pressure, heart rate, pupil size, diaphoresis, and respiratory rate may be useful for estimating pain levels and guiding treatment, but vital signs are imperfect correlates of pain and may be affected by a variety of non-pain-related factors. Among those whose consciousness is normal, cognitive impairment-as reflected by slowed information processing, decreased memory, and poor attention-may impede pain assessment. Additionally, evidence from studies with elderly populations shows that nursing staff assess and document pain less frequently when patients are cognitively impaired [25] [26] and that nursing staff assess pain less frequently and rate it as less severe as cognitive limitations increase [26] . Furthermore, when pain assessments are completed with nonvalidated instruments, associations between verbal pain scores of patients with cognitive impairment and instrument-based scores may be unrelated or even inversely related [27] .
As the majority of polytrauma evacuees have symptoms of TBI (http://www.dvbic.org/), special strategies for pain assessment are needed that include an objective assessment of consciousness, cognition, and behavior [28] . A multitude of scales are available for assessing pain in the cognitively challenged, but few provide supporting psychometric data. For example, Stolee and colleagues reviewed 39 recent instruments and reported that none met contemporary validity and reliability standards [29] . Behavioral observations alone are not sufficient despite associations between pain and aggression [30] or agitation [31] in those with cognitive impairment because behavioral observations cannot discriminate between the multiple possible etiologies. Because studies comparing the reliability of self-reported pain scores across levels of cognitive impairment have found that approximately one-third of older adults with severe cognitive impairment could provide useful and valid pain ratings [32] [33] , providers should first attempt to elicit self-reports of pain using simple pain scales (e.g., the Faces Scale) for all responsive polytrauma patients. If reliable self-reports of pain are not possible, practitioners should rely on a combination of behavioral observations, knowledge of the pathophysiology of pain, trauma experience, analgesic effects, and family or significant other input when assessing pain in these individuals as outlined in the Veterans Health Administration National Pain Management Strategy Coordinating Committee's Consensus Statement "Assessing Pain in the Patient with Impaired Communication" (http://www.vachronicpain.org/). Because of the interaction between pain and function [34] [35] , evaluations should include, in addition to pain severity measures, measures or estimates of pain-related impairment in activity, emotional, social, familiar, sexual, and vocational domains of functioning whenever possible.
Pain Classification
The complex nature of combat-trauma pain poses a challenge to the clinical utility of the current pain classification system. In the current system, acute pain is viewed as an adaptive response that alerts the individual to the presence of a noxious stimulus or ongoing tissue damage. With normal tissue injury, the intensity of acute pain is a function of body tissue damage and the resultant activation of nociceptors at the site of the injury. If the body cannot restore physiological functions to normal homeostatic levels (i.e., cannot heal) because of the extent of the trauma or the occurrence of repeated insults, chronic pain will develop.
The most widely accepted definition of chronic pain is pain without apparent biological value that has persisted beyond normal tissue-healing time, which is usually considered to be 3 months [36] . Although this definition allows for the longer tissue-healing times required by combat-related traumatic injuries, the expected courses of healing for each injury site are not likely to coincide in such a manner that the patient's pain could be classified as simply acute or chronic. Given the high probability of multiple concurrent pain conditions following combat trauma, each potentially having a unique etiology; onset; and course, the current classification of pain into acute and chronic types may prove too narrow for facilitating comprehensive conceptualization and intervention.
Current biomedical theories describing the development of chronic pain focus on the neuronal plasticity of the peripheral and central pain pathways [37] [38] . Both inflammatory nociceptive processes and neuropathic pain from injury to the nervous system have been found to contribute to the hyperexcitability and central sensitization that are hypothesized to cause the transition to a chronic pain state. In the case of polytrauma, these processes probably occur at least somewhat independently for different injury sites, potentially starting as early as the acute phase of care. In addition, for those individuals who have sustained injuries that require repeated surgical revision, the potential for additional nerve damage and prolonged inflammatory pain is significantly heightened. Further complications stem from the fact that some of the neurobiological changes that characterize chronic pain occur within hours of an acute injury [39] . Consequently, both acute and chronic pain processes may exist simultaneously in the combat-trauma patient. Because intervention objectives and strategies for these two types of pain may differ, adopting a more flexible approach to classification and conceptualization that allows concurrent and complementary treatment of the patient's pain conditions may be advantageous.
As a first step toward this end, we propose that the current classification approach be modified to include a transitional stage, postacute, between the acute and chronic stages in polytraumatic injuries (Figure) . Although previous models have proposed various intervening stages between acute and chronic pain (e.g., recurrent acute pain), the recognition of a postacute stage in the context of polytrauma calls attention to the indeterminate nature of the complex constellation of pain states that characterizes the prolonged period of healing and ongoing medical interventions typically required. Focusing attention on this transitional stage may facilitate the targeted application of a range of pain interventions that have different objectives and expected outcomes. During the postacute stage, which is likely to characterize the rehabilitation phase of care, more aggressive pain-intervention strategies may prevent more complete transition to a chronic state. Additionally, the presence and treatment of acute pain during this transitional stage would not preclude the use of strategies traditionally reserved for chronic conditions should the individual exhibit indications of a transition to chronic pain. Intervention for recent-onset chronic pain, such as multidisciplinary rehabilitation, could then be implemented so the development of pain-related disability and psychosocial distress could be prevented.
Because of the unique nature of combat-trauma pain, we do not know which patient and environmental characteristics will be important factors in the evolution of the pain condition. A number of risk factors have been identified in the development of chronic pain and associated disability among individuals with more limited injuries and medical conditions, but it remains to be seen if these associations will be the same among wounded soldiers. Although the most potent predictors of many chronic pain syndromes appear to be psychosocial variables [40] , biomedical variables may be equally important determinants of risk in the polytrauma population. Available evidence suggests that medical factors such as site and extent of surgery (thoracic, major limb amputation, and spinal); the occurrence of postoperative infection, bleeding, organ rupture, compartment syndrome or unrelieved pain; and the need for multiple operations are all predictors of the development of chronic pain [41] [42] . Biomedical factors such as these may play a relatively stronger role in the transition to chronic pain, while psychosocial variables such as posttraumatic stress reactions [43] [44] , depression [40] , and pain-related fear of activity [45] [46] [47] may retain their primacy among the risk factors for pain-related disability.
We do not yet know what percentage of combatinjured patients who develop chronic pain will exhibit the symptoms of psychosocial distress that characterize many of the more severe pain syndromes. Although their youth, the potential for return to active duty, and the availability of rehabilitation services may serve as protective factors, many are likely to experience significant disability associated with their ongoing pain conditions. In addition to the psychosocial variables traditionally implicated in this process, many of these individuals will have the added challenges of adapting to significant loss of physical/ cognitive function. Until empirical data regarding these issues become available, practitioners should screen each trauma patient for the presence of pain-related psychosocial distress and refer those with evidence of these symptoms to qualified pain or behavioral-health specialists. Additionally, care providers should evaluate each patient for symptoms of mixed-pain conditions and if present, consider more aggressive and comprehensive strategies to manage each pain component.
Pain Treatment
The influx of OEF and OIF combat-injured patients into the military and VA healthcare systems has taxed existing resources and knowledge. Currently, a variety of barriers to providing state-of-the-art emergency and acute pain care to theater casualties are present. Most notably, pain data for wounded soldiers receiving emergent care is lacking, and barriers to data sharing between the military and the VA impede efforts to evaluate the longterm effectiveness of MTF pain-management technologies. Efforts to raise military medical staff awareness of the importance of assessing and aggressively treating pain are underway, and the use of advanced pain-management technologies and innovative methods is increasing. However, considerable room for improvement remains.
Future directions for improved pain management during the emergency and acute phases may involve locating acute pain service teams further forward on the battlefield at combat-support hospitals in key air-evacuation nodes. Other medications [48] , medication combinations [49] , pain-medication delivery methods [50] , and paincontrol technologies [51] also are being explored. Using an Internet-based clinical tracking system called the Regional Anesthesia Tracking System, the MARAA committee will have the first extensive database of information on wounded-soldier pain and pain management during the war. Full utilization of this important information, which will have a significant effect on all trauma patients, will require increased cooperation and coordination between military medicine, VA, and civilian care providers. The knowledge gained in the current conflicts in managing trauma pain in wounded soldiers will likely translate into improved pain management for civilian trauma patients during times of national disaster or terrorist attack. This effort to manage trauma pain as a disease process during the emergency and acute phases of traumatic injury, rather then just a consequence of trauma, is one of the defining medical achievements of the 21st century.
Pain care during the rehabilitation phase faces a similar variety of challenges that reflect patient, care provider, therapy, and system factors. Patient factors include the high rates of head injury, cognitive impairment, and mixed-pain conditions that complicate pain assessment and treatment; the frequent necessity for repeated surgeries and subsequent episodic pain during rehabilitation; the presence of emotional conditions (e.g., PTSD) that may be triggered by pain or exacerbate pain; the pain-related fear that can lead to avoidance of the increased activity necessary for rehabilitation; and family beliefs about pain or pain treatment that can impede pain-management efforts. Provider factors include inconsistencies in pain assessment and pain documentation, lack of knowledge necessary to guide pain assessment in the cognitively impaired, prescription of insufficient analgesics that results in poorly controlled pain, and prescription of excessive analgesics that leads to sedation and interference with rehabilitation. Therapy issues include the need to address multiorgan medical problems while simultaneously treating pain and the frequent need for extended rehabilitation stays and/or multiple rehabilitation admissions, which require persistent and intensive pain-management efforts. System factors involve the need to make adequate pain-treatment resources available; to educate PRC staff regarding pain assessment, documentation, and treatment alternatives; and to develop integrated and consistent methods to assess PRC outcomes throughout the continuum of care.
To successfully address these issues will require continued innovative, comprehensive, and interdisciplinary efforts. One such effort has been the recent establishment of a National Polytrauma Pain Subcommittee with representation from all four inpatient PRCs. The goal of this group is to enhance PRC pain care by improving consistency, providing staff education, developing documentation and clinical tools, and promoting uniform outcome assessments. Fortunately, PRC pain care is evolving rapidly and will likely continue to progress and expand in concert with the development of the 23 Polytrauma Network Sites that the VA has authorized. PRC priorities for the future may include educating care providers in pain assessment, documentation, and treatment approaches; supporting efforts to increase the availability of pain specialist services; and developing pain clinical resources to ease provider burden and promote improved pain care.
IMPLICATIONS FOR RESEARCH
The severity and multiplicity of wounds suffered by the OEF and OIF combat injured highlight the scarcity of and limitations in the empirical data regarding traumarelated pain care. Numerous areas of needed research exist that are essential for developing, evaluating, and implementing effective and efficient pain-treatment approaches. Perhaps most important among all research issues is the need for alternative methods for accurately assessing pain in the soldier with cognitive impairment. Because all decisions regarding pain treatment during all phases of care evolve from this starting point and the majority of evacuated casualties present with TBI and associated cognitive limitations, alternative but reliable pain-assessment techniques are paramount for implementing and assessing the efficacy of pain interventions. Such assessments may be an even greater priority for PRCs, where active rehabilitation participation on the part of the patient is required and optimal pain control must provide relief but not excessive sedation. As indicated previously, although several observational instruments have been promoted for use with this population, they lack adequate validation data.
A second research priority that affects pain care across all trauma phases is the need to develop a systematic and standardized method of assessing pain outcomes. In contrast to the past, when trauma care research focused almost exclusively on survival, future research should include emotional, cognitive, functional, and social outcomes variables that better reflect the broad and protracted effects of trauma [52] . Availability of this information would allow informed decisions about treatments that maximize pain outcomes, while concomitantly addressing potential gaps in contemporary pain-classification systems. Perhaps most importantly, these data would facilitate efforts to empirically evaluate risks of chronic pain development and chronic pain syndromes among these severely wounded soldiers, project future resource needs to deal with these problems, and identify what, if any, treatment approaches can reduce risks for transition into costly and disabling chronic pain conditions. Similar calls for research have been voiced regarding risk factors for the development of chronic postsurgical pain [53] .
Other research priorities should target the development and evaluation of education or policy initiatives that improve the consistency of pain assessment and treatment practices across the continuum of care. During all phases of care, medical staff need to become more adept at assessing and documenting pain in the severely wounded as a precursor to providing effective pain care. Similarly, educational endeavors targeting improved communication between categories of providers (i.e., field and MTF military medical staff, VA PRC staff, and community practitioners) that enhance continuity and effectiveness of pain care are needed. Finally, given the unique combination of pain, traumatic stress, and psychosocial factors that characterize these individuals, methods that encourage the adoption of interdisciplinary approaches designed to provide "total pain care" need to be implemented, particularly during the rehabilitation phase.
CONCLUSIONS
The healthcare demands associated with the increasing numbers of severely injured OEF and OIF soldiers are growing. At present, acute care needs can be loosely predicted based on prior OEF and OIF casualty data. What remains unknown is the extent to which long-term disability will develop among recovering military personnel. While Persian Gulf war data may provide some estimates of the likely prevalence of chronic physical and emotional conditions, the protracted nature of the OEF and OIF conflicts, the increased risk exposure because of constant threats, the lengthy deployment periods and multiple deployment episodes, the preponderance of blast injuries with their unknown long-term consequences, and the enhanced survival rates among even the most grievously wounded pose new challenges perhaps unmatched by any previous conflict, including Vietnam. Current data from soldiers with nonsevere injuries registering for VA care indicate that pain problems will be among the most common complaints for all returning military and that pain prevalence may surpass rates observed following the Persian Gulf war [54] [55] . Among combat-trauma cases, pain will continue to be an almost universal occurrence with consequences for both current and future morbidities.
Fortunately, both the military and the VA are responding swiftly to the pain-care needs of wounded soldiers. Innovative pain-care strategies have been instituted during all phases of casualty care, and continued evolution of these efforts is certain. Indeed, the VA's responsibility to provide rehabilitation services to the most severely wounded soldiers is perhaps fortuitous given the department's wealth of experience and expertise in the delivery of intensive, interdisciplinary care. Unfortunately, in many cases, clinical care has outpaced associated research, which results in considerable uncertainty about the long-term efficacy of these necessary, but untested, pain-care efforts. We hope that this gap between practice and research will narrow rapidly and provide trauma and rehabilitation staff with effective and efficient methods to combat pain and its associated sequelae.
